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Proteins having the biological activity of human ac- 
tivated protein C are provided. The proteins are produced 
5 mammalian host cells «f** DN A A «S 
able of integration in mammalian host cell DNUmtt 
od is also provided for activating plasma protein C or rec- 
ombinant protein C, resulting in protetr iM se- 
rially the activity of human activated protein C wherem 
the light chain of the active protein contains 150, 151 or 
m!L acid residues. Compositions eMl«« 
activated protein C»», activated protein ™; or ^ 
52 protein C« aVe also provided. A method for de- 
ratio of these forms of protein C in punfi- 
cd activated protein C is also disclosed. 
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Description 

ACTIVATED PROTEIN C WITH TRUNCATED LIGHT CHAIN 



MttiCaLE ^ e present invention relates generally to plasma proteins and 
DNA sequences encoding those proteins and, more specifically, to the proton 
of proteL having substantially the same biological activity as human activated 
10 protein G 

p.artgrpimrinf the Invention . „ mtMW> that olavs 

Protein C is a zymogen, or precursor, of a serine protease that plays 

an important role in the regulation of blood coagulation and in the gener*«^ of 
15 fibrinolytic activity invivo. It is synthesized in the liver as a smgle-cham P o ypep- 
tide thaYundergoes considerable processing to give rise to a two-chain molecule 
comprisingheavy (Mr = 40,CKX)) and light (Mr - 
disumdebond. The circulating two-chain intermediate is 
cally active form of the molecule, known as "activated protem C (APC), by prote- 
20 olytic processing, including removal of a 12-residue peptide (known as the 
activation peptide) from the anuno-terntinus of the heavy cham. The cleavage 
reaction is augmented in wo by thrombomodulin, an endothelial cell co-factor 
(Esmon and Owen, frnr W Afld Sd USA 2&2249-22S2, 1981). 

Protein C is a vitamin K-dependent glycoprotein that contains 
25 approximately nine residues of gamma-carbbxyglutamic acid (Gla) and one 
equivalent of beta-hydroxyaspartic acid, which are formed by post— on* 
modifications of glutamic acid and aspartic acid residues, respectively. The post- 
translational formation of specific gamma^arboxyglutamic acid residues in 
protein C requires vitamin K. These unusual amino acid residues bind to calcnim 
30 ions and are believed to be responsible for the interaction of the protem wrth 
phosphohpid,whichisrequiredformebiologicala^tyofprotemC. 

In contrast to the coagulation-promoting action of other vitamin In- 
dependent plasma proteins, such as factor VH factor IX, and factor X, activated 
protein C (APC) acts as a regulator of the coagulation process through the inacti- 
35 vation of factor Va and factor Vffla by limited proteolysis. The inactrvation of 
factors Va and Villa by protein C is dependent upon the presence of acidic 
phospholipids and calcium ions. Protein S has been reported to regulate this 
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activity by accelerating the APC-catalyzed proteolysis of factor Va (Walker L 
2lQUta255_:5521-5524, 1980). 

Protein C has also been implicated in the action of tissue-type 
plasminogen activator (Kisiel and Fujikawa, Behrin, i«t Mi* 23_:29-42, 1983). 
5 Infusion of bovine APC into dogs results in increased plasminogen activator 
activity (Comp and Esmon, L Clin, Iqy^ $2:1221-1228, 1981). Other studies 
(Sakata et al, Pr Pg , m Arfld a ^ 52:1121-1125, 1985) have show* that 
addiuon of APC to cultured endothelial cells leads to a rapid, dose-dependent 
increase in fibrinolytic activity in the conditioned media, reflecting increases in the 
10 activity of both urokinase-related and tissue-type plasminogen activators. APC 
treatment also results in a dose-dependent decrease in anti-activator activity In 
addmon, studies with monoclonal antibodies against endogenous APC (Snow 

^T' 1988) **** M * ^t^ining patency of arteries 
dunng fibrinolysis and limiting the extent of tissue infarct 

15 nnn • „• • J*!™ ° f *" W °™' ft h approximately 1 to 

16,000 individuals exhibit protein C deficiency. Protein C deficiency is associated 

J? ™^7 b f c dkease et aL, Be, J. MM 202:340- 

344, 1983, and Sehgsohn et aL, New g nP , |T| m ^59-562, 1984) and may 
result from genetic disorders or from trauma, such as injury, liver disease or 
20 surgery. Protein C deficiency is generally treated with oral anticoagulants. 
Beneficial effects have also been obtained through the infusion of protein C- 
containmg normal plasma (see Gardiner and Griffin in Brown, Grune & Stratton 
(eds.), Prog, in Hanatotagy 12:265-278, 1983, N.Y.). In addition, protein C is 

k l^l tre8lfa8 thr0mbOtiC ***** 85 venous thrombosis (Smith et al 
25 PCT Publication No. WO 85/00521). ^ " 

Activated protein C may be preferred over the zymogen for the 
treatment of thrombosis. The use of activated protein C bypasses the need for in 
mo activation of protein C, thus providing a faster-acting therapeutic agent 
Several studies with baboon models of thrombosis have indicated that APC in low 
doses will be effective in the prevention of fibrin deposition, platelet deposition, 

mlZv ZT *" (Gmber Ct * H^M^ndTnrombo^ 274* abstract 
1353, 1987; Widrow et al., Ebnns&m 2 suppl. 1: abstract 7, 1988; Griffin et al 
ihromh. Ifaejaflataas ft?' nh-frnrt 1512, 1929). 

F ^ exogenous activated protein C has been shown to prevent 
* thecoagulopathic and lethal effects of gram negative septicemia (Taylor et al J 
OnJBHL 22:918-925, 1987). Data obtained from studies with baboons suggest 
that activated protein C plays a natural role in protecting against septicemia. 
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Protein C may be purified from clotting factor concentrates (Marlar 
et al., Elfifid 52:1067-1072, 1982) or from plasma (Kisiel, LOffiJssSSL M:761- 
769, 1979), although the process is complex, in part due to the limited a^labuxty 
ofstarting material and thelow concentration of protein Cm plasma. Thefcera- 
5 peutic use of products derived from human blood carries the risk of disease 
Emission, and thus it is generally preferable to produce human protein C or 
activated protein C by genetic engineering techniques. 

A cloned cDNA encoding most of human protein C is disclosed by 
Foster and Davie QtezJM A^.SdUSA 81:47664770, 1984). Foster et al. 
10 ffnr m k&iLSgLIISA £2:4673-4677, 1985) disdose the nucleoudes^uence 
oVthe gene for ^buman protein C and a tentative structure for human protein C 
Ibey suggest that the light chain of human protem C contains 155 ammo acids, by 
analogy with the amino acid sequence of the light chain of bovine protem C 
reported by Femlund and Stenflo QJHU2UL 251:12170-12179, 1982). Murray 
15 et al. (European Patent Office Publication 215,548) disclose methods for produc- 
ing recombinant protein C and activated protein C. Bang et al. (U.S. Patent 
No 4 775 624) disclose methods for producing recombinant protein C havuig an 
active light chain of 155 amino acids with the carboxyl-tenninal sequence Met- 
Glu-Lys-Lys-Arg-Ser-His-Leu. 
20 However, activated protein C may change its structure by 

exoproteolysis during storage, especially at a carboxy terminus of the light chain. 
TOs change in structure may influence its biological activity, which in turn may 
cause serious difficulties in the preparation of a pharmaceutical composition. 
Therefore, one object of the present invention is to provide a more stable APC for 
25 medical use. 

Briefly stated, the present invention provides a more stable 
activated form of human protein C having a heavy chain and a light chain, the 

30 light chain consisting essentially of an amino acid sequence selected from the 
group consisting of the amino acid sequence of Figure 1 from alanine, ammo acid 
number 1, to lysine, amino acid number 150; the amino acid sequence of Figure 1 
from alanine, amino acid number l,.to lysine, amino acid number 151; and the 
amino acid sequence of Figure 1 from alanine, amino acid number 1, to arguune, 

35 amino acid number 152. In other embodiments, the activated human protein C « 
produced by activating recombinant protein C, by activating plasma protem C, or 
direct expression. 
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In another aspect of the present invention, a composition is 
provided comprising a first form of activated human protein C, a second form of 
activated human protein Q and/or a third form of activated human protein C the 
first form comprising a heavy chain disulfide bonded to a fight chain having' the 
5 ammo acid sequence shown in Figure 1 from alanine, amino acid number 1 to 
lysme amino acid number 150; the second form comprising a heavy chain 
disulfide bonded to a light chain having the amino acid sequence shown in Figure 
1 from alanine, amino acid number 1, to lysine, amino acid number 151, and a 
third form comprising a heavy chain disulfide bonded to a light chain having the 
10 ammo acid sequence shown in Figure 1 from alanine, amino acid number 1 to 
argmme, amino acid number 152. In one embodiment of the composition, 'the 
ratJoofmefirstformtomethirdformisbetweenaboutl:10and 10:1. Inanother 
embodiment, the ratio is between 1:5 and 5:1. In yet another embodiment, the 
rauo is about 1:3. In still another embodiment of the composition, the ratio of the 
first form to the second form is between about 1:10 and 10:1, preferably between 
1:5 and 5:1. 

Those embodiments of the composition may contain a small portion 
of the remaining other form. 

In another aspect of the present invention, the ratio in the above 
composition is determined by a method comprising the steps of (a) separating the 
fight chains from the heavy chains; (b) fragmenting the separated light chains to 
produce po ypeptides; (c) fractionating the polypeptides; (d) sequencing the frac- 
tionated polypeptides; and (e) calculating the molar ratio of the first form to the 

7", ^ Cmb0dimem ' the *ep comprises reduction of 

disulfide bonds between the heavy chains and the light chains to produce -SH 
groups and modification of the -SH groups to prevent subsequent disulfidation. In 
another embodiment, the fragmenting step comprises proteolysis with endopro- 
teinase Asp-N, or proteolysis with endoproteinase Asp-N, optionally followed bv 
proteolysis with chymotrypsin after separation of a peptide. In yet another 
embodiment, the fractionating step comprises high performance liquid 
chromatography. M 

In another aspect of the present invention, a method is provided for 
producing a composition comprising human activated protein C*» human 
activated protein and/or human activated protein 0*2 fr om human protein 
C by the process of (a) concentrating the human protein C; (b) reducing the salt 
concentration of the concentrated protein C to produce a reduced salt solution; 
(c) exposing the reduced salt solution to thrombin to activate the protein O 
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(d) purifying the activated protein C from the thrombin by subjecting tl* product 
of step (c) to ion exchange chromatography to produce one or more fractions 
containing purified activated protein Q and (e)coUecting the fractions) 
containing the purified activated protein C, wherein the purified activated protein 
5 C consists essentially of activated protein C 150 , activated protein C , and/or 
activated protein C 152 . In another embodiment, the composition comprises a 
ratio of activated protein C*° to activated protein is between about WO 
and 10:1. In yet another embodiment, the ratio is about 1* and 5:1. In a further 
embodiment, the ratio is about 13. In another embodiment, the composition 
10 comprises a ratio of activated protein C*» to activated protein C* 1 between 
about 1:10 and 10:1. In yet another embodiment, the ratio is between about 1:5 
and 51 In a further embodiment, the ratio is about 3:1. In a further 
embodiment, the step of exposing comprises combining the reduced salt soluUon 
with thrombin to produce a ratio of F °tein C to thrombin of from about 1:1 to 
15 about 200:1 by weight In another embodiment, the ratio is approximately 20:1. 
In vet another embodiment, the human protein C is concentrated to between 
about 2.0 to 2i mg/ml. In another embodiment, the step of purifying comprises 
cation exchange chromatography followed by anion exchange chromatography. In 
another embodiment, the human pro'tein C is recombinant protein C which is 
20 produced by culturing mammalian cells transfected to express a protein G 
precursor having the sequence K y *7*y*4 at the junction between the light 
chain and the activation peptide, wherein each of Ri through R4 is a lysine 

residue or an arginine residue. 

In another aspect of the present invention, a pharmaceutical 

25 composition is provided containing a physiologically acceptable carrier or diluent 
and activated plasma protein C or activated recombinant protein C, wherein the 
activated plasma or recombinant protein C has a heavy chain and a light chain, the 
tight chain consisting essentially of the amino acid sequence of Figure 1 from 
alanine, amino acid number 1, to an amino acid selected from the group consistmg 

30 of lysine, amino acid number 150, lysine, amino acid number 151, and arginine, 
amino acid number 152. In one embodiment, the pharmaceutical composition 
contains a ratio of activated protein C^ 0 to activated protein C 152 of about 1:10 
to 10:1. In another embodiment, the ratio is about 1:5 to 5:1. In yet another 

embodiment, the Tatio is 1:3. 
35 In another embodiment, the pharmaceutical composition contains a 

ratio of activated protein C 150 to activated protein C 151 of between about 1:10 
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and 10:1. In a further embodiment, the ratio is about 1:5 to 5:1. In yet another 
embodiment, the ratio is about 3:1. 

In yet another aspect of the present invention, a method is provided 
for determining the ratio between activated protein C*° activated protein C* * 
5 and activated protein fa purified activated protein C, comprising the steps of 
(a) reducing a disulfide bond which connects the heavy chain and the light chain of 
activated protein C to an -SH group; (b) modifying the -SH group such that 
further d^ulfidation is prevented; (c) separating the light chain from the heavy 
chain; (d) fragmenting the light chain; (e) fractionating the fragmented light chain- 
10 (f) sequencing the fractionated light chain; and (g) calculating the molar ratio 
between activated protein c*0. activated protein C*l, and activated protein 

Mi • - ^ eS j eandotheras P^ will become evident upon reference to the 
following detailed description and attached drawings. 

Brief Description nf thi> pnH"CT 

r ,™ A „ ^ 1 mUStrateS ^ nUCle ° tide Sequence of Ae «»»Ptete protein 
C cDNA and the deduced amino acid sequence of human protein C. The arrow 
indicates the junction of the activation peptide and the heavy chain. The heavy 
cham of activated protein C extends from amino acid number 170, leucine, to 
ammo acid number 419, proline. 

Figure 2 illustrates the construction of 'the vector pD3. Symbols 
used are <M, the adenovirus 5 0-1 map unit sequence; E, the SV40 enhancer 
MU>, the adenovirus 2 major late promoter; Ll-3, the adenovirus 2 tripartite 
leader; 5 5 splice site; 3', 3' splice site; p(A), polyadenylation signal; and DHFR, 
dihydrofolate reductase gene. 

Figure 3 illustrates the instruction of the vector pDX. Symbols are 
used as set forth Figure 2. i*«»«ue 

30 -Detailed Description nf th? Invention 

Prior to setting forth the invention, it may be helpful to an under- 
standing thereof tosetforth definitions of certain terms to be used hereinafter 

Biological Activity : A function or set of functions performed by a 
molecule m a biological context (i.e, in an organism or an in vitro facsimile 
thereof). Biological activities of proteins may be divided into catalytic and effec- 
tor activities. Cafclytic activities of vitamin K-dependent plasma proteins gener- 
ally mvolve specific proteolytic cleavages of other plasma proteins, resulting in 
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tadiog of tire biology active moleeule to ^'^T* 
«■ .o macromoiecules, such as protems, or to , ^BB e*~ 

frajoenfl, aogmeoa, or is essential to, catalyoc aerm., oooet pbvs.olog.ca! 

5 F0I active protetoQbio.ogica.^ry is coaracurizeti byte 

5 T S 51 pro- C reside io 

disulfide bonded to an effector Ugnt cnain conuuum* 

oisiuuiw w „ amino acid light chain oi 

domain. The light chain may be the 150, 151, or 152 *™» 

native human protein C, or may include ^^^Zc^rs 

M substanti *~*~^tt££JZ2*- 
tn activated protein C wherem the Ugnt cDam nas inc « . 
to aenvaxea prow . , t lvsine amino acid number 150. 

in Fioure 1 from alanine, ammo aad number l, to lysine, <uuu 
m Figure 1 mm « _ . n c wherem ^ Ught 

,tr ta Figure 1 from a.aota«. ammo add oumber 1, «o argmoe, ammo aad 
mmba151 asicJ^: Ana^oaddsea.e.Ketira.oecursa.tbea.omo 

pre-pro peptide. 
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BBTOrtm Vf r iTC A DNA molecule whicb contains, inter alia a 
se^lrrr^ & Pr ° tek ° f ^ to ^ r - ^ proper ^e 

vrst^ Md ****** ^ * :: 

w^ch tas bee^^'; h AD !'^" CU,e ' < " aCi0neOfS " d » m ^ 
residues in J^^S^T " ° ^m-~*«*-l,.*U 

be a mixture of the 150 151 JwTi« ' ^ 152 «nmoacids,orwfll 

30 vi ' /or 152 amino acid * chain fonns 

(Foster and iw^ ^ Sequences enco ^g P^tein C have been described 
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^fcesizeu de novo according to coronal procedures. Techniqws for 

, of overlapping oligonucleotides may be synuKtnzed BIB* P 

yieU MHHnU fragments «im overlap *~ J— »T™ 
, Lou are u^nUgateti as necessary to prr^aconnMetecodn^s^ncc^ 

5 . ^ . f oeTl e ra iiv desirable to remove introns. H partial 

using genomic sequences, it is generaUy oes 

v • ,. mi „ M oHhe protein in order to obtain proper post-transbnonal 

CThoiJ. The pre-pro peptide may be dmrof protein C, . 
!ZI K-depeuden, plasma proKin, sncb as fa«or VH, facmr IX factor X, 

15 ^"^etn^^ 

...bsntuted with the gla domain of a vtamin-K dependent plasma proton 

nmtein S Tbe amtao-terminal portions of vttanun K-dependent plasma 
20 proteins v - , f ^ functional homology, the gla 

S « retain m. activity specific • me caustic domain. For exampK as 
Sd in US. Pa«n, No. 4,789.950, me amino-ttmnnal gla 
25 D^The joined to factor VII a. amino acid 38 to produce a protcnt havmg me 
25 ^oT^orVn. Factor vn, «^ «, factor X P»^^ ^ 
dare flns ammo-terminal sequence homology and. proum C Tta repoa « 
, . m r™H ma telv 35-45 amino acid residues, ««b a O-ternunal 

homology spans appronmateiy »w 

bandar, generaUy eorresponding to an eron-inmm boundary m 
30 «L Tie Ida domain of human protein C odends from ammo add number 1 of 
30 rJS^S chain . appro*bnate>y amum acid number » - - - 
Figure 1. Thus, a cloned sequence comprising me 5'-eodmg r«g.on of me gene to 
Lathes. Prcteins may be subsut-ed for the eonesponding « ^ 
Z^in C aene Tie resultant activaKd protein C precursor «ul compnse a 
35 ZZlZZ* mduding a gla domain operab!y joined to the gMomam^ 
^cbTof protein C. I. is prefored m me pre-pro se^ence and g>a domam 
of such protein C precursors be derivedfrom the same proton. 
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The protein of the present invention can be produced from 

rptrr-T 0 ^^ 0 ' ^odsforprodu^reco^bn^ 
and plasma protein c are known in (he art. 

He cloned DNA sequence may be further modified to facilitate 

regmd . me alterauon of me junction point between me light chain Jutted 
^on pepnde to taOude me seuuence R,*^ wherein each 
R4 is a lysine restdue or an arginine residue. A preferred such sequent is It 
10 2L«^b T- T Pn " etaC " * ammo ^d 

rr^t h (u5 a,,,i, ' o M,ds >^-^-A«.-ne.Leu.As.-r g 

A^-Lys-Arg-heavy cham. Modification may be achieved by site-spectfc 

include ,1™ T T*™* 8 ° MfUi fa Canyfa * om ** P'««< tavention also 
described ^^^^f aaha ^«^>KBX2 genein.host cell as 

SESLSS 5T ^ Serial No - 07/,3W7 ° - E — 

„ rm . DNA se, l»«« '"coding protein Cor an activated protein C 
precursor » ^rted into a suitable expression veoor, which is in mm ^ 
25 .^feet^redmanmtauancel,, Expression vectors for use in carrying ^cxit the 
preset,, mvemton wifi comprise a promoter capable of direcfing ^2*2 
ofadonedgeneorcDNA. Preferred promoters include bom vL 
cellular promote*. Viral promoters useful in this regard inehtdeT SV^ 

mouse V H promoter (Loh et al., Cell 33-85 93 limv a 1 7 , , 

contatn set of RNA sphce sttes located downstream from the promoter 
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„d u^eam from fte insertion sit. for ft. F«em C sequence or wtftu. ft. 
p^C sequence ML MM* RNA splice sites nay be obtained ^rom 
?L*ta and/or immunoglobulin genes. Also generally amttmed m the 
£ST veei are transcription lenninanon and po^enytauon a*** 
^downsueamotlheinsertonsite. Particularly preferred Polyadenylabon 
ft. eariy or ». portion signais Iron, SWnfman and 
Star* ibid.), the po^enyMon signal from fte adenojs 5 Hb ft. 
bJL growth honnone gene terminator (DeNoto et aL, m^O&JiSS. »™ 
3730 1981) and the proteinC gene polyadanyladon signal. TheexpreastonvecUns 

^rtite leader, locamd be«w«n me promo*, and the RNA sphce 
dancer sequences, such as the SV40 enhancer and fte sequences enoodmg ft. 

adenovirus VARNAs. , . A# 4 

Ooned DNA sequences are ften introduce urro culmred 
cells by, for example, calcium phosph^nmdiaKd 
(Wigler et »1, CsB 14:725-732. 1978; Corsaro and Pearson, Smmm ftprt fl 
l*l7Lham and Van der Eb, Mate 52:45W67, 1973) or eleoro- 
PO«lann « aL, *S4.-845. 1982). In order to i enti^ 

L have hrmgrated fte DNA, a gene mat confers a select pb.no.yp. (a 
2 0 selemble marker) is generally introduced into ft. ceUs along wrft ft^~or 
cDNA of in.er.st Preferred selective markers include genes that. r«* 
ar.ee .„ dmgs such as neomycin, hygromycin, and meftorrexale. Tie selectabk 
™ricer ma, be an ampUSable saleable marker. A preferred amphfiable 
« It * a gene encoding dftydxofoUft reduce (DHFR), which coo- 
25 fers resistance m fte drug meftotrexa*. Sdeembl. nwkem a« t«vr«*d by 
-M, (MammalianXtllLIsdmiiliSy, Bunorworft Publish^ Sftuehan, ^), 
fteZceof*l^n^.rV* well wiftin fte level of orftnary stall tn ft. 

art* 

Selectable marten may be unreduced into fte «U on a separate 
30 plasmid a, fte same time as fte gene of inteces., or ftey may be fttroduced on ft. 
Lne plasmid. If on ft. same plasnjid, fte selecmble matter and ft. gene ■* 
intere* may be under fte contiol ot different promoters or ft. sane promoK. 
fte Utter a^ngem*., producing a dtdstronic message. Cmasmas of 
ere known in fte art (for example, Levinson and Sunonsen, VS. Patent 
35 No. 4,713339 and VS. Ptuent Application Serial No. 07/226,173). 1. m^tdso b. 
mL^addadftdonalDNAtov-as-camerDNVftftentuuwefta. 

is introduced into the cells. 
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After the cells have taken up the DNA, they are cultured to produce 
protein C or activated protein C The cells are cultured according to standard 
methods m a growth medium containing nutrients required for growth of 
mammalian cells. A variety of suitable media are known in the art and generally 
5 include a carbon source, a nitrogen source, essential amino acids, vitamins 
minerals and growth factors. The medium may contain serum, such as bovine' 
serum, or may be serum-free. For production of biologically active protein C, the 
medium will generally also contain vitamin K at a concentration of about 0.1 
/.g/ml to about 5 „g/ml. T>ru g selection is then applied to select for the growth of 
10 cells that are expressing the selectable marker in a stable fashion. For cells that 
have been transfected with an amplifiable selectable marker, the drug 
concentration may be increased to select for an increased copy number of the 
cloned sequences, thereby increasing expression levels. Clones of stably 
transfected cells are then screened for expression of protein C. 

mclude ft, COS-1 (ATCC CRL 1650), BHK and 293 (ATCC CRL 1573; Graham 
«^Lfl«lJ^a»7%»77)cdlIlnai. A preferred BHK cell line is the tk" 

mo ^Tl ^ Acd SflLUSA 22:1106. 

1110 1982), heremafter referred to as "BHK 570" cells. The BHK 570 cell line 
has been deposited with the American Type Culture Collection, Rockville, Md, 
under accession number CRL 10314. A tk'tslS BHK cell line is also available 
from American Type Culture Collection under accession number CRL 1632 In 
addition, a number of other cell lines may be used within the present invention, 
including RAT Hep I (ATCC CRL 1600), RAT Hep D (ATCC CrT KM 

S ^ ^ P ( C ^ 8065) * NCTC 1469 < ATCC CCL CHO 
(ATCC CCL 61), and DUKX cells (Urlaub and Chasin, ProcNatl A<L w 

USA 72:42164220, 1980). ^ ' Q 

««iv „ * ecombinant P'<**» C is then isolated by removing the 
conditioned culture media from the cells, then treating the media to iLove 
^mamtng cells and cell debris, such as by centrifugation or filtration. It is 
preferred that the protein ^containing media then be concentrated to facilitate 
subsequent purification and handling. Methods for concentrating protein 
solutions are known in the art, a preferred method being ultrafiltration. The 
conditioned media will typically be concentrated about 20- to 40-fold The 
concentrated media are then treated to reduce the salt concentration, such as by 
dialys* against a low-salt buffer at approximately physiological P H. A preferred 
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such buffer is 0.05 M Tris HQ, pH 7.4 containing 0.15 M Nad ^ Protein C is 
then purified from the concentrated conditioned media. Methods for purging 
protein C are known in the art, and may include such steps as immunoaffimty 
chromatography, precipitation with barium citrate and high performance liquid - 
5 chromatography. A preferred method of purification is affimty chromatography 

antibodies, as described by Wakabayashi et aL Q BioL Cbm. 261:11097-1 108, 
1986) is particularly preferred. The conditioned medium is applied to the column 
in the presence of a low concentration of Ca + + , preferably by adjusting die 

10 composition of the medium to about 5 mM Cad 2 . The protein C is ^ther > e uted 
from the column using a chelating agent, such as 10 mM I^A. 
fractions are collected, and the protein C-containing fractions are pooled. The 
protein C purity of the column eluate fractions may be determined by 
polyacrylamide gel electrophoresis. 

15 Alternatively, protein C may be isolated from human plasma 

according to standard procedures (e.g., Kisiel et aL, LOinJavfiSL M-761, 1979; 
Kisiel and Davie, M^EnamoL 8&320-332, 1981), or may be obtamed from 

commercial sources. , . 

If produced in the zymogen form, the purified protem C is then 
20 activated. The protein is concentrated, preferably by mtrafiltration, to a 
concentration of about 0.06 to 6 mg/ml, preferably about 2.0 to 23 mg/ml. The 
salt concentration in the concentrated protein solution is then reduced such as by 
dialyzing it against a low ionic strength buffer of approximately physiological pH. 
A preferred buffer is 0.05 M Tris HO, pH 13 containing 0.15 M NaCl. Acuvatton 
25 is achieved by combining the protein C solution with thrombin, preferably purified 
bovine a-thrombin, containing less than 10%, more preferably less than 5%, 
bovine p. or ^-thrombin, at a weight ratio of about 1:1 to about 200:1 protein C to 
thrombin, preferably about 20:1 protein C to thrombin. The solution is mixed and 
incubated at a temperature between about 4-C and about 37'C for 03 to 24 
30 hours, preferably about 3 to 5 hours. 

The activated protein C is then purified from the activation mixture 
by ion exchange chromatography. It is preferred to use a combination of cation 
exchange chromatography and anion.exchange chromatography. 

In a preferred embodiment, the activation mixture is diluted and 
35 applied to a cation exchange column. Suitable cation exchange media include CM 
ion exchange gels and SP ion exchange gels. A particularly preferred cation 
exchange medium is S-Sepharose (Pharmacia, Piscataway, NX). The column is 
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equilibrated with a low-ionic strength, slightly acidic buffer, such as 002 M 
MES/Tris pH 6.0, 0.05 M Nad. The activated protein C is eluted from the 
column using a salt gradient APC will elute in the pass-through fractions and at a 
salt concentration of about 0 3 to 0 5 M Nad. Thrombin will elute from the 
S column at about 0.6 M Nad. Tne APC-containing fractions are pooled, and the 
sah concentration is reduced to not more than about 02 M Nad, such as by 
dilution with a low-salt buffer. The resulting low-salt solution is applied to an 
anion exchange column. Suitable anion exchange media include DEAE ion 
exchange gels and QAE ion exchange gels. A particularly preferred medium is Q- 
) Sepharose (Pharmacia, Piscataway, NX). The APOcontaining solution is applied 
to the column, which is previously equilibrated with a slightly acidic, low-ionic 
strength buffer. The APC is eluted with a^alt gradient or by washing the column 
with buffer containing about 0.3 to OS M NaCl, preferably about 0.4 M Nad The 
presence of APC in the column fractions may be determined throughout the 
purification procedure by monitoring the absorbance of the solution at 280 nm 
and by polyacrylamide gel electrophoresis. 

If necessary, additional purification may be achieved by affinity 
chromatography, preferably immunoaffinity chromatography. For example 
contammating zymogen protein C may be removed from the APC preparation by 
immunoaffinity chromatography on an antibody specific for the activation peptide 
of protein C. Additional purification may also be achieved by immunoaffinity 
chromatography using an antibody specific for the gla domain of proteinC. 

The carboxy-terminus of activated protein C (APC) may be 
determined by isolating Cterminal light chain peptides and sequencing them by 
methods known in the art. Generally, the heavy chain and the light chain of APC 
are first separated by cleaving the S-S bond which connects them. There are many 
methods well known in the art for cleaving S-S bonds, such as the use of 
dithaothreitol in a 6 M guanidine-Hd solution at P H 8.3. Cleaved products are 
preferably treated with monoiodoacetic acid to prevent re-disulfidation. 

The mixed heavy- and Ught-chain proteins may then be fractionated 
for instance, by reversed-phase partition chromatography. In a preferred 
embodiment, a Poly-F column (Du Pont) is used. 

The isolated light chain is then treated to cleave it, and the resulting 
peptides are sequenced. Methods of treatment include proteolysis by cyanogen 
bromide, or enzymatic proteolysis, such as proteolysis using endoproteinase 
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Hie mixture of peptide fragments of the light chain may be further 
scpanKed iruo peptide fractions. A preferred method is reversed-ph^e partmon 
SoTmgraph, L an oaadec,! sOano. (CDS) column. Peptide fracoons ma, 
seZ^a b, an, of the methods weB known to the an. Preferab^ 
5 amino acid s^uencer is used. Peptides baring an amiao-tenmnus a. ammo aod 
No.l28aregeneraU,presemamongthegroup.ofpealts. 

Based « the results of the amino add sequence analyas, the 
(pmol) of light chain p«>tide 128-150 * deumdued by 
^oam i other peptides conutineti to .be same peak. The amount o pepnd. » 
10 detetmuKd from the molar ratio of each amino acid in the eathes, *de . t*A 
amino acids showing me same degree of recover, are de«««ei The amount of 
Ugb. chain peptide 128-152 is determined in tire «une manner. The molar r»o of 
p^Ude 128-150 to peptide 128-152 is considered to be the ratio of 

APC 150 /APC 15 1 /APC 152 . 
15 APC 150 APC 151 and APC 152 may be separated from each other 

on the basis of the charge difference imparted by the two additional basic amino 
acids present on APC* 2 Protein C is anionic at neutral pH, with a pi of 
approLtely AS. faceting the separation of the two forms byamon^ange 
Xomatography. Preferred chromatographic media in this regard include DEAE 
20 resins, sIZ DEAE Sephadex (Pharmacia, Piscataway, N J.). Bnefly, a so^on 
containing the two fonns of protein C is applied to an anion exchange column at 
about P H 6i. The proteins are sequentially eluted with a salt gradient such asa 
gradient of about 0-lM NaCg, whereby APC^ 2 elutes at a lowe sah 
Lcentration than AFC* 0 . Fractions are collected and momtored for the 
25 presence of protein by standard methods, such as absorbance of the solution at 
Lonmmasinmarmanner.APC^isisolateufrom 

or shorter light chain species on the basis of the charge difference unparted by the 
sindeC-terniinal basic amiiw add present on its light chain. 

The peptide obtained- by treating with the endoprotemase Asp-N 
30 can further be treated with chymotrypsin and analyzed in the same ~r 
described above. Analysis using this method for an activated protem C derived 
/ xprl50 APC 151 and a small amount 

from a plasma protem C showed manny APC anoAr^ 
of APC 152 This analysis can be confirmed with ammo acid analysis. 

The activated protein C of the present invention may be used in 
35 pharmaceutical compositions for topka! or fotrav^^ 

in combination with a physiologically acceptable carrier or diluent Preferred 
carriers and diluents include water, buffered water, 0.4% saline, 03% glycine and 
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foe lite. Phannaceutical compositions may also contain stabilizers and adjuvants. 
These contpostnons may be sterilized by conventional, well known aerilSation 

n^T , a,Ue °" S S °'° ,i0,,S ^ * ******* te «• « filtered 

5 cotnbtned wtdr a stenle aqueous solution prior to administration. Tbe cotnposi 

T ^ C0, " ai,, I*-"""** acceptable auxiliaty substancea as 
ra*nred to approximate pbysiological conditions, sucb as pH adjusting and 
buffenng agents, fomcit, adjusting agents and to. like, for exanmle, *Le 

10 dlT "*■ CUt " id '' <**- sodium 

10 curate, ammo acetate, «c, as weU as additional therapeutic ingredient^ such as 

Ptanogen achvafors, heparin or antithrotnbin m. The concentration of protein 
as IS* to 20% by wettft and will be selected primarily b, (,„,„ 

could K. it^^' ^ phannaceutical composition for intravenous infusion 
could be made up to ctutuin 250-1000 ml of strife Ringer's solution and 1-10 

1„ Tn, k ^ me,i0dS f ° r P*««ndly administrable 

compos wffl be known or apparent to th<« skMed ta foe an and are descrfoed 

20 MaT^^cf T ^"""^ W m w tUte 16m ed. 

The phannaceutical compositions containing protein C can he 
adulter*, for prophyfocuc and/or therapeutic treating. In ti^n^ 
appbcauons foe composition* are afoninuuered in an amount sufficient to cure or 
25 arrest fo. disease and to complication. Amounts enlTe fo 

tamewdl ^o.m.aev^.fti.diaeaseormjurymmti^gene™." 
me pauem, but generally range from about 0.1 mg fo about 300 tug of protein C 
P* day, wttit dosages of iron, about 1 mg fo about 25 mg of profoin 
bemg more commonly used. It must be kept in mind that the materials „f the 

P-* »d may be fel, desirable by the .eating physician fo 
substantial excesses of these protein C compositions. 

35 „~ „ • • 10 prophylacUc •WMcBfa-, compositions containing the protein C 
35 ar adnumsteredfo a patient susceptible fo or otherwise a, risk of a dise^e 

Z Zl "f". *• Patie '"' ! - -*«"**• °' fibrinolytic capabilut 
in tins use, foe precse amounts again depend on tbe patient's state of health and 
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genefal level of endogenous protein C, but generally range from about 05 mg to 
about 250 mg per 70 kUogram patient, especially about 1 mg to about 25 mg per 

5 way of limitation. 

fYAMPLES 

Restriction endonucleases and other DNA modification enzymes 
(eg T4 polynucleotide kinase, calf alkaline phosphatase, DNA polymerase I 
10 pae-w fra^ent], T4 polynucleotide ligase) were obtained from Bethesda 
Research Laboratories (BRL) and New England Biolabs and were used as 
directed by the manufacturer, unless otherwise noted. 

OUgonucleotides were synthesized on an Applied Biosystems Model 
380A DNA synthesizer and purified by polyacrylamide gel electtophoreas on 
15 denaturing gels. E. coU cells were transformed as described br Mania* etal 
(H^ Hnmnr Moratory ManM Cold Spring Harbor 
1982). M13 and pUC cloning vectors and host strains were obtained from BRL. 

f YAMPLE 1 

20 r,^.- nr nf nNA Sennas Encoding Hnm^n Protein C 

A cDNA coding for a portion of human protein C was prepared as 
described by Foster and Davie (ibid.) Briefly, a Xgtll cDNA library was prepared 
from human liver mRNA by conventional methods. Clones were screened using 
an 125 Mabeled affinity-purified antibody to human protein C, and phage were 
25 prepared from positive clones by the plate lysate method (Maniatis et al., ibid.), 
followed by banding on a cesium chloride gradient. The cDNA inserts were 
removed using Eco RI and subcloned into plasmid pUC9 (Vieu-a and Messing, 
Gene 19 259-268, 1982). Restriction fragments were subcloned in the phage 
vectors M13m P 10 and M13m P U (Messing, MslL^mol 201:20-77 1983) and 
30 sequenced by the dideoxy method (Sanger et aL, ?w Nflfl ^ Sft V?A 
74-5463-5467 1977). A done was selected that contained DNA corresponding to 
the known partial sequence of human protein C (Kisiel, ibid., 1979) and encoded 
protein C beginning at amino acid 64 of the light chain and extending through die 
heavy chain and into the 3' non-coding region. This clone was designated 
35 XHC1375. A second cDNA clone coding for protein C from amino aad 24 *as 
also identified. The insert from the larger clone was subcloned into P UC9 and the 
plasmid was designated pHCX6L. This clone encodes a major portion of 
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protein C, including the heavy chain coding region, termination codon, and 3' non- 
coding region. 

The cDNA insert from AHC1375 was nick translated using a- 32 P 
dNTP's and used to probe a human genomic library in phage ACharon 4A 
5 (Maniatis et aL, 15:687-702, 1978) using the plaque hybridization procedure 
of Benton and Davis (Soon* 126:181-182, 1977) as modified by Woo (MsliL 
EngOEfiL $2381-395, 1979). Positive clones were isolated and plaque-purified 
(Foster et PrPCNatl, Afflfl Sri TT^ 32:467^4677, 1985, herein incorporated 
by reference). Phage DNA prepared from positive clones (Silhavy etal., in 
Experiments wjth tone Fusion Cold Spring Harbor Laboratory, 1984) was 
digested with Eco RI or Bgl E and the genomic inserts were purified and 
subcloned in pUC9. Restriction fragments of the genomic inserts were subcloned 
into M13 vectors and sequenced to confirm their identity and establish the DNA 
sequence of the entire gene. 

The cDNA insert of pHCA6L was nick translated and used to probe 
the phage ACharon 4A library. One genomic clone was identified that hybridized 
to probes made from the 5' and 3' ends of the cDNA This phage clone was 
digested with Eco RL and a 4.4 kb fragment, corresponding to the 5' end of the 
protein C gene, was subcloned into pUC9. The resultant recombinant plasmid 
was designated pHCR4.4. Complete DNA sequence analysis revealed that the 
insert in pHCR4.4 comprised two exons of 70 and 167 base pairs separated by an 
intron of 1263 bp. The first exon encodes amino acids -42 to -19; the second 
encodes amino acids -19 to 37. Sequence analysis confirmed the DNA sequence 
of the entire protein C gene. 

A genomic fragment containing an exon corresponding to amino 
acids -42 and -19 of the pre-pro peptide of protein C was isolated, nick translated 
and used as a probe to screen a cDNA library constructed by the technique of 
Gubler and Hoffman (Gene 25:263-269, 1983) using mRNA from Hep G2 cells. 
This cell line was derived from human hepatoses and was previously shown to 
synthesize protein C (Fair and Bahnak, Blfifid M:194-204, 1984). Ten positive 
clones comprising cDNA inserted into the Eco RI site of phage Agtll were 
isolated and screened with an oligonucleotide probe corresponding to the 5' non- 
coding region of the protein C gene. One clone .was also positive with this probe 
and its entire nucleotide sequence was determined. The cDNA contained 70 bp of 
5' untranslated sequence, the entire coding sequence for human pre-pro-protein 
C, and the entire 3' non-coding region corresponding to the second 
polyadenylationsite (Figure 1). 
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FYAMPLE2 
Egression of Protein C 
A. Cpjsttugjpj of Vector pDX 
5 The vector pDX was derived from pDHFRffl (Berkner and Sharp, 

fj„r Adds Res. 12:841-857, 1985) as shown in Figures 2 and 3. 

The Pst I site immediatety upstream from the DHFR sequence in 
pDHFRHI was converted to a Bel I site hy digesting 10 Mg of plasmid with 5 units 
of Pst I for 10 minutes at 37°C in 100 /d restriction buffer A (10 mM Tris pH 8, 10 
10 mMMgCl 2 ,6mMNaa7mM^MSH). The DNA was phenol extracted, ethanol 
precipitated, and resuspended in 40 M polymerase buffer (50 mM Tris pH 8, 7 
mM MgCl 2 , 7 mM 0-MSH) containing 10 mM dCTP and 16 units T4 DNA 
polymerase and incubated at 12°C for 60 minutes. Following ethanol (EtOH) 
precipitation, the DNA was ligated to 2i Mg kmased Bel I linkers in 14 jd Ugase 
15 buffer (10 mM Tris pH 8, 10 mM Mgd 2 , 1 mM DTT, 1.4 mM ATP) containing 
400 units T4 polynucleotide Ugase for 12 hours at 12°C. Following phenol 
extraction and EtOH precipitation, the DNA was resuspended in 120 Ml restriction 
buffer B (75 mM KO, 6 mM Tris pH 7i, 10 mM MgQ 2 , 1 mM DTT), digested 
with 80 units Bel I for 60 minutes at 50°C then electrophoresed through agarose. 
20 Form ffl plasmid DNA (10 jig) was isolated from the gel and ligated in 10 <d 
buffer C containing 50 units T4 polynucleotide ligase for two hours at 12°C, then 
used to transform E. coU HB101. Positive colonies were identified by rapid DNA 
preparation analysis, and plasmid DNA (designated pDHFR') prepared from 
positive colonies was transformed into dam'E. coU. 
25 Plasmid pD2* was then generated by cleaving pDHFR' (15 fig) and 

pSV40 (comprising Bam HI digested SV40 DNA cloned into the Bam HI site of 
pMH) (25 Mg) in 100 /d restriction buffer B with 25 units Bel I for 60 minutes at 
50°C followed by the addition of 50 units of Bam HI and additional incubation at 
37°C for 60 minutes. DNA fragments were resolved by agarose gel electrophore- 
30 sis, and the 4.9 kb pDHFR* fragment and 02 kb SV40 fragment were isolated. 
These fragments (200 ng pDHFR' DNA and 100 ng SV40 DNA) were incubated 
in 10 Ml hgase buffer containing 100 units T4 polynucleotide Ugase for 4 hours at 
12°C and the resulting construct (pDT) was used to transform E. coU RR1. 

Plasmid pD2' was modified by deleting the "poison" sequences in the 
35 pBR322 region (Lusky and Botchan, Nature 22279-81, 1981). Plasmids pD2' (6.6 
Mg) and pML-1 (Lusky and Botchan, ibid.) (4 Mg) were incubated in 50 Ml restric- 
tion buffer A with 10 units each Eco Si and Nru I for two hours at 37°Q followed 



BNSOOCIO «WO 9112320A1_L> 



WO 91/12320 

PCT/US91/00912 

-20- 



10 



15 



20 



25 



30 



35 



by agarose gel electrophoresis. The 1.7 kb pD2' fragment and the 1.8 kb pML-1 
fragment were isolated and ligated together (50 ng each) in 20 jd ligase buffer 
containing 100 units T4 polynucleotide Hgase for two hours at 12 8 Q Mowed by 
transformation into R coU HB101. Colonies containing the desired construct 
(designated pD2) were identified by rapid preparation analysis. Ten jig of pD2 
was then digested with 20 units each Eco RI and Bgl n in 50 id restriction buffer A 
for two hours at 3TC. The DNA was electrophoresed through agarose, and the 
desired 2.8 kb fragment, comprising the pMM, 3' splice site and poly (A) 
sequences, was isolated. 

Plasmid pDHFRm was modified to convert the Sac H (Sst II) site 
into either a Hind HI or Kpn I site. Ten n pDHFRBJ was digested with 20 units 
Sst H for two hours at 37»Q followed by phenol extraction and ethanol precipita- 
tion. Resuspended DNA was incubated in 100 jd polymerase buffer containing 10 
mM dCTP and 16 units T4 DNA polymerase for 60 minutes at 12°Q phenol 
extracted, dialyzed, and ethanol precipitated. DNA (5 /ig) was hgated with 50 ng 
kinased Hind HI or Kpn I linkers in 20 pi buffer C containing 400 units T4 hgase 
for 10 hours at 12«Q phenol extracted, and ethanol precipitated. After resuspen- 
sion in 50 jd restriction buffer A, the resultant plasmids were digested with 50 
units Hind m or Kpn I, as appropriate, and electrophoresed through agarose 
Gel-isolated DNA (250 ng) was hgated in 30 /d ligase buffer containing 400 units 
T4 DNA ligase for 4 hours at 12°C and used to transform R coU RR1. The resul- 
tant plasmids were designated pDHFRIH (Hind HI) and pDHFRIH (Kpn I). A 
700 bp Kpn I-Bgl D fragment was then purified from pDHFRIH (Kpn I) by 
digestion with Bgl n and Kpn I followed by agarose gel electrophoresis. ' 

The SV40 enhancer sequence was inserted into pDHFRBI (Hind 
HI). Fifty ,ig SV40 DNA was incubated in 120 /d restriction buffer A with 50 units 
Hind m for 2 hours at 37°C, and the Hind DI SV40 fragment (5089-968 bp) was 
gel purified. Plasmid pDHFRIH (Hind III) (10 ng) was treated with 250 ng calf 
intestinal phosphatase for one hour at 37°C, phenol extracted and ethanol precipi- 
tated. The linearized plasmid (50 ng) was hgated with 250 ng of the SV40-Hind 
m fragment in 16 H hgase buffer for 3 hours at 12°C, using 200 units T4 
polynucleotide hgase, and transformed into R coli HB101. A 700 base pair Eco 
RI-Kpn I fragment was then isolated from this plasmid. 

Plasmid pD3 was then constructed. The 700 bp Kpn I-Bgl H 
fragment and the 700 bp Eco RI-Kpn I fragment (50 ng each) were hgated with 10 
ng of the 2.8 kb pMM, 3' splice site, poly(A) fragment with 200 units T4 
polynucleotide hgase for 4 hours at 12">Q followed by transformation of R coU 



BNSDOCID <WO 9112320A1J_> 



PCT/US91/00912 

WO 91/12320 

-21- 

RR1. Positive colonies were detected by rapid preparation analysis, and a large- 
scalepreparationofpD3(Figure2)wasinade. _ 

The vector pD3' was constructed in a similar manner, except that 
the SV40 polyadenylation signal (Le., the SV40 Bam HI [2533 bp] to Bel I [2770 

5 bp] fragment was inserted in the late orientation. Thus, P D3' contams a Bam HI 
site as the site of gene insertion (Figure 3). _ 

The vector P DX was then generated from P D3 and pD3' as shown 
inFigore3. The Eco RI site in pD? was converted to a Bel .1 site byEcoW 
cleavage, incubation with SI nuclease, and subsequent ligation with i Bell linkers 

10 DNAwaspreparedfromapositjvelyidentifiedcolony.andthe 1.9 kb Xho I-Pst 

ele^ophoresis. In a second modification, Bel I-cleaved P D3 - hgated^th 
kinased Eco RJ-Bd I adapters (constructed from oligonucleotides ZC525, 5 GGA 
ATT CT 3'- and ZC526, 5'GAT CAG AAT TCC 3') in order to generate a unique 
15 Eco RI site' for inserting a gene into the expression vector. A positive co tony was 
identified by restriction endonuclease analysis, and DNA from tins colony was 
used to isolate a 23 kb Xho I-Pst I fragment containing the modmed restriction 
site. The two aboveHlescribed DNA fragments were incubated together ^tt T4 
DNA ligase, transformed into £ coU HB101, and positive colonies were rienttfied 
20 by restriction analysis. Plasmid DNA was isolated and designated pDX (Figure 3). 
This plasmid contains a unique Eco RI site for insertion of foreign genes. 

B. sBfcjA Expression . 

The protein C cDN A was inserted into pDX as an Eco RI fragment 
25 Recombinant plasmids were screened by restriction analysis to identify those 
having the protein C insert in the correct orientation with respect to the promoter 
elements, and plasmid DNA (designated pDX/PC) was prepared from a correct 

d0De ' Because the cDNA insert in pDX/PC contains an ATG codon in 
30 the 5' non-coding region (see Figure 1), deletion mutagenesis was performed on 
the cDNAprior to transection and expression experiments. Deletion of the three 
basic pairs was performed according to standard procedures of ohgonudeotide- 
directed mutagenesis. The pDX-based vector containing the modified cDNA was 
designated p594. 
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■EXAMPLR3 

MODIFICATION OF THF protftm r yp^^ m 
A- Site Specific Mutagenesis 

To enhance the processing of single-chain protein C to the two- 
chain fonn, two additional arginine residues were introduced into the protein, 

lt7 m ' CleaVa8C ° f four ^ «*» acids. The ™S 

mutant precursor of protein C, designated PC962, contains the sequence Ser-His- 
Uu-Arg.Arg-Lys-Arg.Asp at the cleavage site between the light and heavy chains 
Processmg at the Arg-Aspbond results in a two^haM protein C molecult 

bv site snedf™ 6 r Ut3nt w eCUle ™ 8enemed by ^8 1116 doned <*>NA 

VSS^TT (eSSenti% 35 * - ^th, EM 

4.4/5M88, 1984) using the mutagenic oligonucleotide ZC962 (5' AGT GAP err 

AGA AGA AAA CGA GAG A 3') and oligonucleotide ZC550 ^5 ^ Sg 

bp fragment was cloned into Ml3mpll, and single-stranded template DNA was 
plated lowing mutagenesis> a ^ ^ ^ e J^« 

Rephcative form DNA was isolated and digested with Sst I, and J«S 
to was recovered. This mutagenic fragment was joined with Z I-cut 
P594 « a two-part ligation Clones having the Sst I fragment inserted in 2 
desired orientation were identified by restriction enzyme moping Z 7esult^ 
expressionvectorwasdesignatedpDX/PC962. ^resulting 
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EXAMPLE 4 
Expression and Characterization of Protein C 

^ Transection nf Pnx/Pro^ Ht > ™» ^j. 

Ten j.g of pfesmid pDX/PC962 and 3 ,.g of plasmid p KO-neo 
SoumeniandBerfeL^U^^ 

. aqueous solution containing 10 mM Tris-HCl P H 7.6 and 1 mL 
Mowet by the addition of 75 of aqueous 2M CaCl 2 . Next, 600 

PhTla, 28 50mM " ^ ydr^n 

This solution was Hen poured onto 293 cells which were bein., 
orta^ed ,„ ,0 « diamerer p,a.es wiib Duibecco's nrodffled Ease's Z2l 2 
MEM) conuunng W. tea, calf serum (FCS), 1 x PSN anubionc rnix (oTbTo^ 
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5640) and 2 mM J^glutamine. The cells were further cultured at 3TC and 5% 
CO, concentration for 6 hours to let salts containing the plasmids settle down 
onto the cells. The medium was then removed, and 2 ml of Hepes buffer solution 
containing 15% glycerol (pH 75) was added to the cells. The mixture was let 
5 smdfor2nunutesatroomtenroeraturetoeffecttransfecuon. 

• The supernatant was removed from the cells, 10 ml D-MEM 
containing 10% FCS, 1 x PSN and 2 mM L-glutamine was added, and the cells 

were incubated at 37°C and 5% CX>2- 

The transf ected cells were grown for 48 hours in D-MEM containing 
10 10% FCS, IX PSN antibiotic mix (Gibco 600-5640), 2.0 mM I^glutamine and 

vitamin K (5 jig/ml). 

The cells were removed from the plates by the addition of trypsin, 

then transferred to 15 cm diameter plates. 

The cells were selected in 500 /»g/ml G418 for 14 days, and the 
15 resulting colonies were screened by the immunofflter assay (McCracken and 
Brown, BJoMmto 82-87. March/April 1984). The plates were rinsed wUh 
PBS or No Serum medium (D-MEM plus penicillin-streptomycm, 5 /ig/ml vitamin 
K) Teflon- mesh was then placed over the cells. Nitrocellulose filters were 
wetted with PBS or No Serum medium, as appropriate, and placed over the mesh. 
20 After four hours' incubation at 37°C, the filters were removed and placed in buffer 
A (50 mM Tris/Hd pH 7.4, 5mM EDTA 0.05% NP-40, 150 mM Nad 025% 
gelatin) for 30 minutes at room temperature. The filters were incubated for one 
hour at room temperature, with shaking, in biotin-labeled sheep polyclonal 
antibody to protein QlMg/ml in buffer A. The filters were then washed in buffer 
25 A and incubated for 1 hour at room temperature, with shaking, in avidin-conju- 
gated horseradish peroxidase (Boehringer-Mannheim), 1:1000 in buffer A Fdters 
were washed in buffer B (50 mM Tris-HO, P H7.4, 5mM EDTA, 1M NaO, 
025% gelatin, 0.4% sarcosyl, 0.05% NP-40), then in H 2 0, and incubated in color 
reagent (60 mg HRP color development reagent [Bio-Rad], 20 ml methanol, 100 
30 ul H 2 0 2 in 100 ml 50 mM Tris/Hd pH 7.4, 150 mM Nad). The reaction was 
stopped by transferring the filters to H 2 0. Six of the most intensely reacting 
colonies were picked by cylinder cloning and grown individually in 10-cm plates. 
When the cultures were nearly confluent, the protein C production levels were 
measured by ELISA. The Tesults are given in Table 1 below. 
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15 



25 



30 



35 



TABLE 1 

J*"* Pg/ttH/day 
293/962 #1 lg 

293/962 #2 15 

293/962 #3 20 



B - Trausfection of nDX/Pro^ f „ t ft ^ 

BHK 570 cells were cotransfected essentially as described above 
but with the substitution of plasmid pSV2-DHFR (Subramani et *.,MoL CeU Biol 
i:845-864, 1981) for pKO-neo and methotrexate (250 nM) for G418 selection 
Cells were screened for production of protein C, and protein C production was 
measured by EUSA. Expression levels for three clones are shown in Table 2. 

TABLE 2, 

£kf pg/cellAtoy 
BHK/2-1.5 03g 

BHK/4-8 0>63 



20 BHK/4-10 



0.61 



example 5 

Production of ArtivateH P^ np ^ant Prntf>in r 

ttpc r> t-»c TraDSfeCted 293 celk ( 29 V962 #3) were cultured in serum-free 
ITES-eRDF medium (Table 3) for 3 days. 

TABLE 3 

QliCjmseaiiaiioiii 

InsuIin 9/jg/ml 
Transferin lOpg/ml 

Ethanolamine . 10f<M 
Selenite 20 nM 

•^Concentration in eRDF (cf. Murakami et al; J.Ad.rw^ u ?m ^ 
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Recombinant Protein C was purified from the serum-free culture 
supernatant of 293/962 #3 cells by use of an anti-Protein C monoclonal I a^body 
(6H2) column: The 6H2 monoclonal antibody is charactenzed by its bmdmg to 
pr^L C (TC) in the presence of C** ions and its failure to bind m the 
absence of Ca 2+ ions. The properties of this monoclonal antibody and the punfi- 
c^Tof PC by use of JL* have been disclosed in published Japanese 
patent applications Nos. 61-134399 and 1-85091. 

After filtering the supernatant liquid to remove cell debris, the 
supernatant was concentrated 2040 fold whl an ultnmher membrane , T*e 
concentrate was thendialyzed against TBS (Tris buffered saline, 0.05 M Tris/HCl 
pH 7.4, 0.15 M Nad). When not used immediately, the concentrate was stored at 

-40°C until immediately before use. _ , . 

To about 250 ml of the above concentrate a 1 M CaQ 2 solution was 

addeduntamefinalconcentmtionwasaboutSmMCaaz. This concenttate was 
then placed on a CeUulofine" (Biochemical Industry, Tokyo), column (15 cm x 
5 0 cm) equilibrated with TBS containing 5 mM Cad 2 , and fixed with anti-Protein 
C monoclonal antibody 6H2 which adsorbed the recombinant Protem C. 

The column was then thoroughly washed with 0.05 M Tns/HCl pH 
7 4 1 0 M Naa 5 mM CaCl 2 buffer. After confirmation that the absorbance of 
the' effluent at a wavelength of 280 nm was 0.01 or less, the r^ bound I to the 
column was eluted with a 0.05 M Tris/HCl pH 7.4, 0.15 M Nad, 10 mM 

Na 2 EDTA buffer. 

The rPC eluted from the column as a single peak. Electrophoresis 
25 on a 20% SDS-polyacrylamide gel under nonreducing conditions indicated that 
the protein was in a single band. This process produced about 10.7 mg of rPC 
from about 15 mg of starting material (approximately 71% yield). 

B. Aftfotfr" nf Recombinant Protein, C 



15 



20 



(1) Activating Reaction 

For activation, the rPC solution was concentrated to 2 mg/ml using 
an Amicon concentrator with a YM10 ultramembrane filter (Amicon, Danvers, 
Mass.) and dialyzed against a 0.05 M Tris/HCl pH 7.5, 0.15 M NaO ^buffer 
35 solution. To 1860 pi of the above 2 mg/ml rPC solution were added 69 <d of 
aqueous 2.7 mg/ml bovine thrombin solution (Mochida Seiyaku, Tokyo), 6 jd I of 
aqueous 500 mM EDTA and 1065 fd of TBS to give a total volume of 3 ml. After 
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thorough miring, the mixture was incubated in a water bath at 3TC for 3 hours to 
activate the recombinant protein C 

(2) Purification of Activated Recombinant Protein C(ArPC) 
_ ^ Thrombin was removed and ArPC was purified from the activation 
mature by use of a cation exchange column and an anion exchange column. 

(a) Cation Exchange Column 

10 0 02 M MES (2-(N.morphohno) ethane sulfuric acid)/Tris pH 6.0, 0.05 M NaCl 
buffer solunon. The diluted solution was applied to a LS cm x 4 cm S-Sepharose 
Fa^t Flow column (Pharmacia) equilibrate^ with the same buffer. After washing 
Ae column wjth the same buffer solution, the fraction adsorbed to the column was 

15 * ahDear « radientof0 °5 to 1.0 M NaCl, to give a pass-through fraction, 

^^tr^™^^ ^ArPC^contaL mTe 
pass-throughfracnon and the 03-03 MNaQ fractions. Tbe thrombin was eluted 
at about M m The ArPC and the thrombin were sepa^T^ 
completely by mis operation. The fractions containing ArPC wen, Z3 

20 ™^ ab ° Ut 30 "* ° f ^ SOlUtiOD ™ added to - ^ual 
20 0.02 M MES/Tris pH 6.0 buffer to reduce the concentration of NaCl. 

(b) Anion Exchange Column 

applied to a 1?' ^ SOlUd ° D (60ml) ° btained m P rccedi ^ ** was 
25 h ^ u ^ X ' 6 ^ °- Se P harose Fa * Row column (Pharmacia) equili- 
25 brated wnh a 0.02 M MES/Tris pH6.0, 0.05 M Nad buffer solution. Afte r 
eqmhbranng *e column with the above buffer solution, the ArPC adsorbed to the 
column was eluted with 0.02 M MES/Tris pH 6.0 buffer containing 0.4 M NaQ 
Tbsgave a single peak containing ArPC (by absorbance analysis at 280 nm). The 

30 f 7* Pf6Sent " " SiD8le baDd 0n 3 10% - 20% SDS-PAGE under 

30 nonreducmg conditions. 

EXAMPLE $ 
Activati on of Plasma Pmtf in r 

35 (A) Activation of Human Plasma Protein C (pPQ 

Purified human protein C (obtained from Enzyme Research 
Laboratories, Inc., South Bend Ind HiTm HPr t>om *«earen 
ui acao, mo. j [(Lot HPC 220)] was concentrated by use of 
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an ultrafflter membrane (Amicon YM 10), and dialyzed against 0.05 M Tris/HQ 
PH7.4, 0.15 M NaQ buffer (TBS). To 865 4 of the resultant 12 mg/ml pPC 
Lution were added 34,1 of 2.7mg/ml aqueous bovine Uirombm sotoAon 
(Mocbida Seiyaku, Tokyo), 3 * of aqueous 500 mM EDTA, and 598 * of TBS * 
5 give a total volume of limL After thorough n^ me mixture was mcubated 
for 3 hours in a water bath at 3TC to give activated plasma protein C (ApPC). 

(B) Purification of Activated Human Plasma Protein C 

Activated plasma protein C (ApPC) was purified from the mixed 
solution containing ApPC after the activating reaction using the method described 
above for ArPC purification. 

A single peak (absorbance analysis at 280 nm) containing ApPC was 
obtained and shown to be a single band by 10-20% gradient SDS-PAGE under 
nonreducing conditions. 

f? y AMPLE 7 

A m ino ni l ^^ f^^^^^^ Amvatsrt rWrinCfArO 
Ljg hj n™in «rt Piagfldiana] Measurement 

The heavy- and ugbt-chains of purified APC were separated from 
each other by reduction of the connecting S-S bond. About 560 «b (measured 
based on the absorbance of PC) of APC was incubated for 6 hours in 3 ml of 6 M 
guanidine hydrochloride^ Tris buffer solution (pH8.3) containing 10 mg of 
dithiothreitol in a N 2 gas atmosphere at 65'C Two hundred and fifty 
25 43 mg/ml monoiodoacetic acid aqueous solution (pH 4-6) was added, and this 
reaction solution is incubated at 37°C for 30 minutes to convert the -SH groups to 
-SCH 2 COOH groups to prevent disulfidation. The resultant low-molecular 
weight solute was permeated through an ultrafilter membrane (Amicon Co.) wmle 
gradually adding about 10 volumes of water to the solution side to keep the 
30 volume of the solution nearly constant 

The aqueous solution of mixed heavy- and light-chain proteins was 
fractionated by reversed-phase partition chromatography using a 62 mm x 80 mm 
Poly-F column (Du Pont Co.) under the conditions shown in Table 4. 
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TABLE 4 



5. 


Solvent A: 


0.1MNH4HCO 3 (pH8) 




Solvent B: 


Acetonitrile 






Flow rate- 


03 ml/min 




10 


Gradient: 


Time (mm) 

0 


B(YPl%j 
0 


15 




5 
25 
30 


0 

] Linear gradient 
100 (5vol%/min) 

100 


20 


Detection: 


215 nm 





Column temperature: room temperature 



25 



30 



35 



The fraction containing the isolated light-chain (as determined by 
the presence of an 20,000 band on a 10%-20% gradient SDS-polyacrylamide 
gel) was freeze dried at -80°C and dissolved in 200*1 of 0.1 M urea, 50 mM 
phosphoric acid buffer solution (pH 8.0). 0.6 „g (about 4 wt% aqueous solution) 
of Endoproteinase Asp-N (Boehringer Mannheim) was added, and the mixture 
was incubated at 3TC for 6 hours to cut the peptide bond on the annno-terminal 
side of the aspartic acid in the light chain. 

The resultant mixture of light-chain peptide fragments was 
fracnonated by reversed-phase partition chromatography using an octadecyl 
silanol (ODS) column under the conditions shown in Table 5 



40 



45 



TABLES 

Column: Vydac C18 column (The Separations Group 

P18 P TP54] CA) (4 ' 6 Wm X 250 lo " & SUS > 
Solvent A: 0.1 vol% tnfluoroacetic acid, 1 vol% acetonitrile in 

Solvent B: 0.1 vol% trifluoroacetic acid + 99.9 vol% acetonitrile 
Flow rate: 05 ml/min 
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Column temperature: Room temperature 
Gradient: IiffifiilDin) ZJ&m 
0 o 

5 0 

] linear gradient 
9 5 45 (05vol%/min) 



10 



15 



100 io° 
Detection: 215 nm 



The peptide peaks were sequenced by use of a Model 477A protein 
sequencer (Applied BioSystems. Inc., Foster City, Can*). Peptides havingan 
aX> ternnnus at amino acid 128 were generally present among the peaks havmg 
20 a retention time of 60 to 70 minutes on the C18 column. . 

Amino add sequence analysis indicated the presence of two 
different light chain carboxy-terminal amino acids, lysine (amino acid No. 150) 
and arginine (amino acid No. 152). Since the enzyme Endo-protemase Asp-N 
activity to cat the bonds between amino acid No, 150 151 152 ^and 153.U 
25 was concluded that the carboxy-ternnni of the light chains of abated protem C 
produced as described above are lysine and arginine. 

Based on the results of amino acid sequence analysis, the amount 
(pmol) of hght-chain peptide 128-150 was determined by subtracting the amounts 
of other peptides contained in the same peak The amount of pepude was 
30 detennmedLmthemolax^ 

amino acids showing the same degree of recovery were detected. Tbeamountof 
ught-chain peptide 128-152 was determined in the same manner. The molar ratto 
ofpeptide 128-150topeptide 128-152 (APC^/APC* 2 ) was found to be 13. 



35 



fX AMPLE 8 
te& sS 3 S SLS& Pla^a Protein C 



40 



(A^ Activation of Human Plasma Protein C(pPC) 

Human protein C purified by using a monoclonal antibody column 
was concentrated by use of an ultrafilter membrane ^^^'^ 
dialyzed against 0.05 M Tris/HCL P H 7.4, 0.15 M NaCl buffer (TBS). To 450 jd 
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of the resultant 2 mg/ml pPC solution were added 17 ,1 of 2.7 mg/ml aqueous 
tnrombm solution (Mochida Seiyaku, Tokyo), 2 * of aqueous 5M n^ 
^TA^and 531,1 of TBS to pve a total volume of 1.0ml. After Lough mix^ 
*e nuxture was aucubated for 5 hours in a water bath at 37>C to give activated 
5 plasma protein C(ApPQ. * «cuvaiea 

(B) Purification of Activated Human Plasma Protein C 

Activated plasma protein C(ApPC) was purified from the mixed 

„h„- ^ A single peak (absorbaace analysis a. 280 nm) containing ApPC was 
nonreducmg conditions. 

EXAMPTFO 

Botan q AbEQ T i pht Cham pud Pronnrtinn a > Msaffliemsm 

The heavy- and bght-cbain of ApPC were separated from each other 
by reducon on the connecting S-S bond. About 550 H ^measured on ^ 
absorbance of PC) of APC was incubated for 4 hours in 3 ml of 6 M ^e 
ydrochlonde-O^M Tris buffer solution (pH 8.3) containing 10 " J 
drthiothreitol m a N 2 gas atmosphere at 65°C Two hundred and fifty nticrcL* 
of 4 mg/ml monoiodoacetic acid aqueous solution (pH 4-6) was addeTa^d tnL 

IS? ^ 10 PrCVent disulfida ^ The resultant low-moleculL 
weight solute was permeated through an ultrafflter membrane (Amicon Co.) wbl 
gradually adding about 10 volumes of water to the solution side to ke p i 
volumeofthesolutionnearlyconstant P 

frartin , „ J"" aqUC0US SOlUti ° n ° f heavy - md «ght-chain proteins was 
framed by reversed-phase partition chromatography using a 6.2 mm Z 2 
Poly-F column (DuPont Co.) under the conditions shown in Table 6. 
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J ABLE 6 
Solvent A: 0.1 M NH4HC03(pH8) 
5 Solvent B: Acetonitrfle 

Row rate: Oiml/min 
Column temperature: Room temperature 
10 Gradient: Emsifflifl) Eivol^) 

0 o 

5 0 . 

15 ] linear gradient 

25 100 (5vol%/min) 



20 



30 100 

Detection: 215 nm 

Column temperature: Room temperature 



The fraction containing the isolated light-chain (as determined by 
the presence of an M^OOO band on a 10*40* gradient SDS-polya^ amide 
1 ^ freeze dried at -80°C and dissolved in 200 Ml of 0.1 M urea 50 mM 
phosphoric acid buffer solution (pH 8.0). 0.6 „ (about 4 wt% aqueou^ M 

30 of Endoproteinase Asp-N (Boehringer Mannheim) ~-^^*-T! 
was incubated at 37°C for 6 hours to cut the peptide bond on the amino-termmal 
side oftheaspartic acid in the Ught chain. . 

The resultant mixture of hght-cbain peptide fragments was 
fractionated by reversed-phase partition chromatography using an octadecyl 

35 silanol (ODS) column under the conditions shown in Table 7. 
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Column: Vydac C18 column (The Separations Group 

P1?T?54] * (46 nBn X 250 111111 lon & S US) 
Solvent A: 0.1 vol^trffluoroacetic acid, 1 vol% acetonitrile in 

Solvent B: 0.1 vol% trifluoroacetic add + 99.9 vol% acetonitrile 
Flow rate: OJml/min 
^ Column temperature: Room temperature 

Gradient: 2jffiej(miii) gj 



20 



0*0 

5 0 
0 c ] Linear gradient 

95 45 (0.5vol%/min) 



25 100 100 

Detection: 215 nm 



W . ,. PCPtideS 311 ^ tenninus at ™o acid 128 were 
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40 



45 



Chvmotrvnsin Protenlyffo 

The fraction of the peaks having the retention time of 60 to 70 

M^^^T W " ^ freeM «- « - 8 °° C - Solved in 
100 /il of 100 mM phosphate buffer (pH 7.0). 

In order to cut the peptide bond on the carboxy-terminal side of the 

buffer (pH 7.0)] of chymotrypsin (Sigma, C-3142) was added thereto, and the 
uuxture was incubated at 37°C for 4 hours. 

rev^n >, 1116 rMUltailt miXtUre ° f peptide ^ fractionated by 

^versed-phase parution chromatography using an octadecyl silanol (ODS) 
column under the same conditions as shown in Table 7. 

^alysis of anuno acid sequence of the peptide fragment obtained 
above was performed by use of a Model 477 a „™* • a 

use ot a Model 477A protem sequencer, and amino acid 
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analysis was performed by PTC amino add analysis method (R. L. Hemnksou, S. 
C ireoich, AnaUfcto JtfA D. Antherton, "M- » ft— 
Ciemistry," ed. by T. E. Hugh, P. 273, Academic Press, New York, 1989) 

A peptide having lysine at amino acid number 146 on the ammo 

The results of amino acid sequence analysis and ammo acid analyse 
indicated the presence of three different light chain carboxy-tenninal amino aads, 
lysine (amino acid number 150), lysine (amino acid number 151) and argnune 

(amino acid number 152). 
10 Since cbymotrypsin has no activity to cut the bonds between ammo 

acid numbers 149, 150, 151, 152and 153,itv^condudedmatthe ^y-termnu 
of the light chains of activated protein C produced as descnbed above are lysine 
(amino add number 150), lysine (amino add number 151) and argnune (ammo 
add number 152) as mentioned above. . . 

!5 The amount (pico moles) of the 146-150 peptide of the hght chain 

was determined from the recovery of the first residue lysine in the amino acid 
sequence analysis or from the content of each amino add in the ammo acid 
Z£. The amount of the 146-151 peptide and the 146-152 pepUdeof hght 
chahi were determined in the same manner The molar ratio of peptide 146-150, 
20 146-151 to 146-152 (APC^/APC^/APC 152 ) was found to be 1:2:2. 

From the foregoing, it will be appredated that, although specific 
embodiments of the invention have been described herein for purposes of illustra- 
tion, various modifications may be made without deviating from the spirit and 
scope of the invention. Accordingly, the invention is not limited except as by the 
25 appended claims. 
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1. Activated human protein C having a heavy chain and a light chain, 
said light chain consisting essentially of an amino acid sequence selected from the group 
consisting of the amino acid sequence of Figure 1 from alanine, amino acid number 1 
to lysine, amino acid number 150; the amino acid sequence of Figure 1 from alanine 
ammo acid number 1, to lysine, amino add number 151; and the amino acid sequence* 
of Figure 1 from alanine, amino acid number 1, to arginine, amino acid number 152. 

2. Activated human protein C according to claim 1 produced by 
activating recombinant protein C 

3. Activated human protein C according to claim 1 produced bv 
activating plasma protein C 

4. Activated human protein C according to claim 1 wherein said 
protem C is recombinant activated protein C 

5. A composition comprising a first form of activated human protein 
a SCCOnd fonn of activated human Protein C and/or a third form of activated human 

protem C, sad first form comprising a heavy chain disulfide bonded to a light chain 
having the amino acid sequence shown in Figure 1 from alanine, amino acid number 1 
to lysine, amino acid number 150; said second form comprising a heavy chain disulfide' 
bonded to a light chain having the amino acid sequence shown in Figure 1 from alanine, 
amino acid number 1, to lysine, amino acid number 151; and said third form comprising 
a heavy chain disulfide bonded to a light chain having the amino acid sequence shown 
in Figure 1 from alanine, amino acid number 1, to arginine, amino acid number 152. 

6. A composition according to claim 5 wherein the ratio of said first 
form to said second or third form is between about 1:10 and 10:1, inclusive. 

7. A composition according to claim 5 wherein the ratio of said first 
form to said second or third form is between 1:5 and 5:1, inclusive. 

8. A composition according to claim 5 wherein the ratio of said first 
form to said third form is about 1:3. 
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9. A compositioii according to claim 5 wherein the ratio of said first 
form to said second form is about 3:L 

10. Acoinpc^tionace^ 
ratio is determined by a method comprising: 

(a) separating the light chains from the heavy chains; 

(b) fragmenting the separated light chains to produce polypeptides; 

(c) fractionating the polypeptides; 

(d) sequencing the fractionated polypeptides; and 

(e) calculating the molar ratio of said first form to said second form. 

U A composition according to claim 10 wherein said separating step 
comprises reduction of disulfide bonds between said heavy chains and said light chains 
to produce -SH groups and modification of said -SH groups to prevent subsequent 
disulfidation. 

12 A composition according to claim 10 wherein said fragmenting 
step comprises proteolysis with endoproteinase Asp-N, optionally followed by 
proteolysis with chymotrypsin after separation of a peptide. 

13. A composition according to claim 10 wherein said fractionating 
step comprises high performance liquid chromatography. 

14. A composition according to claim 5 wherein said first, second and 
third forms are derived from recombinant human protein C 

15. A composition according to claim 5 wherein said first, second 
and /or third forms are forms of recombinant activated human protein C 

16. A composition according to claim 5 wherein said first, second 
and/or third forms are derived from activated plasma protein C 

17 A method for producing a composition comprising human 
activated protein C* 50 , human activated protein C 151 and human activated protein 
C 152 from human prot in C comprising the steps of: 

(a) concentrating the hnmah protein C; 
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J® redUdDg concentration of concentrated protein C to 

produce a reduced salt solution; 

protein C; ^ ^ "* SOlUti0n * 01101111,111 to * e 

(d) purifying the activated protein C from the thrombin by subjecting 

fraX J * StCP ( t t0 CXChange » P-duce one or n^ 

fractions containing purified activated protein C; and 

(e) collecting the fracuon(s) containing the purified activated protein 
Q wherein said purified activated protein C consists essentLly of activatelp^ 
C ™, activated protein C 151 and activated protein C 152 . 

18. A method according to claim 17 wherein the step of exDosin* 
compnses combining said reduced salt soluUon with thrombin to produce a mZ f 
P rotemCtothrombinoffroml:lto200:lbyweight. 

mately20:l. A """^ t0 ^ 18 »* raUo * -Piwri- 

20. A method according to claim 17 wherein said human protein C is 
concentrated to between about 2.0 to 2.5 mg/ml. P 

21. A method according to claim 17 wherein the step of purifvin* 

pbsm.pro.einC A meUK><1 ""^ *° " ^ buman *«* « 

-rt.,! c nK ' h0<l aCCO^<ii,18 10 17 ^ !«* C * 

C > produced by culm™, n,*,^ alls ^ ' ^ 

precursor having the seouence R. R~n» d . ... • . ""P"^ a proteui C 
s e sequence R1-R2-R3-R4 81 rhe junction between the light chain 
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and the activation peptide, wherein each of R t through R4 is a lysine residu or an 
arginine residue. 

26. A method according to claim 25 wherein said cells are BHK cells 

or 293 cells. 

27. A method according to claim 25 wherein said cells are cultured in 
a medium containing vitamin K 

28. Amethodaccoromgtodaim^ 
a medium that is essentially free of serum. 

29. A method according to claim 17 wherein said composition 
comprises a ratio of activated protein C™ to activated protein d» between about 
1: 10 and 10: 1, inclusive. 

30. A method according to claim 17 wherein said composition 
comprises a ratio of activated protein d» to activated protein or activated 
protein C 152 between about 1:5 and 5:1. inclusive. 

31 A method according to claim 17 wherein said composition 
comprises a ratio of activated protein C*> to activated protein of about 1:3 
1/or a ratio of activated protein C*° to activated protein C« 1 of about 3:1. 

32 A pharmaceutical composition containing a physiologically 
acceptable carrier or diluent and activated plasma protein C wherein said activated 
human protein C has a heavy chain and a light chain, said light chain conststmg esse* 
tially of the amino acid sequence of Figure 1, from alanine, amino ac,d number 1, to 
lysine, amino add number 150. 

33 A pharmaceutical composition containing a physiologically 
acceptable carrier or diluent and activated plasma and/or recombinant protein C, 
wherein said activated plasma and/or recombinant protein C has a heavy chain and a 
light chain, said tight chain consisting essentially of the amino acid sequence of Figure 
1, from alanine, amino acid number 1, to lysine, amino acid number 150. 
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34. A phannaceutical composition containing a pbysioloocallv 
actable earner or diluent and activated human protein C, wherein saS 2 
I"": C a - a light chain, said light chain co^ 

es enuauy of the ammo acid sequence of figure 1, from alanine, amino acid number 1 
to lysine, amino acid number 151. " ber 1( 

35. A phannaceutical composition containing a physioloricallv 

> 311(1 "*" d ^ prote » " wherem^ S 

tZZZ ChaiD * 4 Ught ^ chain consisting e^n 

tiaUy of the ammo acid sequence of Figure 1, fr 0ffi alanine, amino acid number 1 to 
arginme, amino acid number 152. ' t0 

acceptable caL \ PhamaCeUtkal position containing a physiologically 
wherein -h ° r em *** aCtiVated Plasma «V* recombinant protl C 

hght cham, said hght chain consisting essentially of the amino acid sequence of F^re 
1, from alanine, ammo acid number 1, to arginine, amino acid number k 

37. A pharmaceutical composition contaimng a pbvsiolorica.1v 
in the range ofln, * to'tT" COmP<>Si,i0,, " *" " —* * — * 

A pbarntacentical composition containing a physiologically 
diluent and activated protein and activated protein c"*. 

9 «i™. .t 4i meth0d fM detenntoin 8 '"e ratio of activated protein C 1 *" to 

^prote, and activated protein C» h purified ^ ^ * 



40. 

acceptable carrier or 
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(b) modifying the -SH group such that further disulfidation is 

prevented; 

(c) separating the light chain from the heavy chain; 

(d) fragmenting the light chain; 

(e) fractionating the fragmented light chain; 
ffl sequencing the fractionated light chain; and 

(g) calculating the molar ratio of activated protein C 1 * 0 to activated 
protein C 151 and activated protein C 152 . 

42 The method of claim 41 wherein the step of reducing comprises 
treating the activated protein C with ditHothreitol in 6 M guanidine-HCl, pH 8. 

43. The method of claim 41 wherein the step of modifying comprises 
treating the -SH group with monoiodoacetic acid atpH 4 - pH 6. 

44. The method of claim 41 wherein the step of separating comprises 
reversed-phase partition chromatography. 

45. The method of claim 41 wherein the step of fragmenting 
comprises proteolysis with endoproteinase Asp-N. 

46. The method of claim 44 wherein the step of fragmenting further 
comprises proteolysis with cbymotrypsin after separation of a peptide. 

47. The method of claim 41 wherein the step of fractionating 
comprises high performance liquid chromatography. 
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